Programs of prevention or therapy of edema in nephrotic children in use at present still fail to resolve a number of problems. Thus the efficacy of repeated plasma or serum albumin infusions carries with it dangers of reactions as well as certain economic burdens (1) (2) (3) . Plasma substitutes such as gelatin, polymerized glucose ("Dextran"), or polyvinyl pyrrolidone ("Periston"), have not received sufficiently prolonged clinical trials to exclude the possibility of sequellae such as those which follow acacia therapy (4) (5) (6) (7) . Similarly, certain practical obstacles attend the application of instruments available for vivodialysis, even when they function efficiently in reducing extracellular volume. Alternative approaches to the therapy of edema such as the infusion of sodium and potassium salts, the use of osmotic diuretics, the injection of nitrogen mustard, the administration of cortisone or of ACTH or the exposure to febrile infections, particularly rubeola, have been only sporadically successful (8) (9) (10) (11) (12) (13) (14) (15) (16) . Finally, even though complete elimination of sodium from the intake may control edema, such rigid dietary restriction is not acceptable to many patients. It has therefore seemed desirable to us to try one member of a group of agents, the cation exchangers, recently made available for clinical testing. These polymers, ingested by mouth in an appropriate cycle, increase the stool excretion of sodium and of potassium (17) (18) (19) . The studies which were conducted have provided answers to the following questions: a) is the medication sufficiently acceptable to permit prolonged therapy, b) how effective is it in abstracting cations from the diet and from body fluids, c) does it enhance the loss of edema which can be achieved by sodium restriction alone, and d) does its administration entail undue hazards to the patient?
MATERIALS AND METHODS
A carboxylic cation exchange resin in the hydrogen cycle was administered during a total of 15 periods three to six days long to four edematous nephrotic children. With few exceptions sodium intake was markedly restricted, i.e., to 1 to 3 meq./day prior to, during and after resin administration. The diet consisted of a lowsodium milk ("Lonalac") with added milk protein ("Protinal") and carbohydrate (beta-lactose) and contained adequate amounts of calories and nitrogen as well as considerable amounts of chloride and potassium. 1 The patients received in addition, 0.6 to 0.9 g. of ferrous sulphate and maintenance vitamins each day. Water was allowed as desired. Changes during and following resin therapy have been compared with those observed in the same subjects during control periods on sodium restriction alone. Balance procedure, analytical techniques and methods of calculation have been described earlier (20) (21) (22) (23) .
Findings are expressed when possible in statistical terms. Protocols are presented in the appendix.
RESULTS
Attempts to maintain the daily intake of the resin at 30 to 40 g., amounts readily taken by essentially healthy children in control studies (20) , were only partially successful. As a result the mean daily intake proved to be only 17.7 + S.D. 12.4 g. Despite this relatively low dosage certain clearly evident changes appeared in these subjects as a group. These are reviewed and then the stool findings are compared with those following replacement of the low-sodium regimen by a full diet.
A. Resin effects during the essentially sodium-free regimen From the original data in Table I and the statistical summary in Figure 1 Table II ). The fact that the external balance of potassium did not vary discernibly during those alterations supports the view that these stool and urine potassium changes tended to cancel one another. The lower urinary excretion of potassium persisted into the post resin periods (Figure 2 ).
Insofar as sodium is concerned, keeping in mind that these patients were on an intake markedly restricted as to sodium content, there is no consistent evidence that stool sodium rose significantly; only the excretion per 100 g. of stool nitro- with a much larger group of samples obtained in control studies in subjects on an identical regimen (20) reveals the same difference. Whatever the reason may be, the stool changes are of too small magnitude to have any influence on the daily transfers of this anion or of nitrogen. On the other hand, insofar as the lowered urinary chloride values are concerned, it is conceivable that they appeared secondary to decreased potassium excretion. Against this is the finding that in the post resin periods still characterized by the lowered potassium excretion such a relationship cannot be postulated. It is more likely that renal retention of chloride is related to acidosis (21) .
Perusal of the summarized mean balance values during the pre and post resin periods ( decrease in extracellular volume, diuresis, and a loss of body weight. Furthermore, the rates of extracellular sodium and water loss, and of fall in body weight characteristic of the control periods on low-sodium therapy only, were not visibly accelerated by these amounts of resin. Strength is added to these interpretations by noting that the patients were in positive nitrogen balance during the control and resin periods and hence the losses in body weight cannot be attributed to inadequate intake. In the post resin period the nephrotic children took insufficient amounts of milk and developed negative external and cell balances of nitrogen (Table III and Figure 3) .
B. Effects associated zeith resin intake during an unrestricted diet
During days 50 to 58 in BF and 65 to 76 in DY, the low-sodium regimen was replaced during continued resin ingestion by a full diet containing ordinary amounts of sodium (Table II) . Though complete balance data are not available and the observations are limited to three in number it should be pointed out that in each instance the patients ate well and took larger amounts of resin. The daily stool sodium and potassium output exceeded by a wide margin values observed in a large series of control subjects on comparable diets without resin (20) , and unquestionably exceeded greatly the stool sodium values seen in these same patients while on resin and a low-sodium diet. Chloride and nitrogen output, on the other hand, were not unusual. It is clear, therefore, that in these subjects, as in others (21), the resin can increase stool losses of sodium and, of course, of potassium as well during periods in which sodium is present in the diet.
C. General comments and clinical course All four of the patients continued to deliver their edema with only occasional interruptions irrespective of whether or not they were receiving the cation exchanger.
The nonprotein nitrogen of the blood returned to normal in BF, fluctuated between elevated and non-elevated concentrations in KM, remained high in DW, and rose to azotemic levels in DY (Table  I) 
FIG. 3. EXTERNAL ("TOTAL") BALANCES OF ELECTROLYTES AND OF NITRO-GEN PARTITIONED INTO EXTRACELLULAR AND CELLULAR COMPONENTS
The graph presents the mean values during control, resin, and post resin periods. The asterisk indicates that, compared to the controls, statistically significant differences were present only in the external and cell balances of nitrogen during the post resin periods. It is obvious that on sodium restriction alone in the control periods the patients continued to lose sodium, chloride, and extracellular water throughout at essentially the same rate, as indicated by changes in the chloride space. In the control periods considerable amounts of ingested potassium were retained. This element entered cells with nitrogen since the overall cellular balance of K was positive but K', which refers to transfers of potassium in excess of metabolism of protein, was negative. However, the scatter of values in this and in the subsequent periods resulted in considerable overlap and the "p" value was not within the limits set for statistical significance. marily a manifestation of the remarkably reduced concentrations of serum albumin (Table I) Though it is true that resin therapy superimposed on this regimen produced certain distinct changes, none of them exerted any dramatically beneficial effect. The patients did not lose sodium, extracellular water, or body weight at any faster rate. Furthermore, the post resin anorexia and voluntarily lowered milk intakes with negative nitrogen balances were probably related to resin treatment. These findings by no means exclude the possibility that resin can be useful in the treatment of edema states. They merely indicate that if essentially complete sodium restriction is achieved, this resin in the amounts herein taken apparently cannot exert any additive effect. On the other hand it is only fair to state that perhaps the resin through its acidifying effects permitted the continuation of diureses which might have otherwise ceased. It is evident, however, that even though endogenous sodium cannot be removed in significant quantities by resin in these amounts during almost complete sodium restriction, the exchanger certainly did increase stool losses of sodium during a diet which contained ample amounts of this cation. Whether or not these increments prove to be of sufficient magnitude to influence the net external balances of the ion and thereby prevent or correct edema will obviously in great measure depend on the concomitant urinary excretion of sodium.
The potassium data in these studies do suggest that this exchanger, properly used, will deviate exogenous and endogenous potassium to stools. This effect will obviously tend to forestall and to correct potassium intoxication, and its recognized threat to survival, in patients with renal diseases (24) (25) (26) (27) .
It may be of interest at this point to speculate upon various possibilities whereby the efficiency of these resins could be increased. The difficulties of ingesting sufficiently large amounts might then be resolved, although we have been able to increase, subsequent to the studies described in this paper, the intake of the exchanger by suspending it in flavored cornstarch. The size of the individual resin particles may also be important in determining the clinical efficiency of the resin. Moreover, the influence of certain dietary constituents such as potassium, calcium, and fats upon the ability of the exchange agent to increase stool sodium excretion has not been explored. It may be, for example, that low potassium diets during ingestion of the carboxylic exchanger would permit the removal of significantly greater amounts of sodium. However, against this possibility is the observation that the sulfonic resins removed chiefly potassium in rats maintained on diets completely free of electrolytes (27).
SUM MARY
1. On an essentially sodium-free regimen, providing ample calories, nitrogen, and potassium, a carboxylic cation exchanger in the hydrogen cycle, up to 40 g./day, did not further increase significantly the stool losses of sodium nor accelerate the loss of edema and of body weight in nephrotic children. This therapy may have, however, prolonged the diuresis through its acidifying effects.
2. On a diet which contained considerable amounts of sodium the exchanger raised the stool sodium, thereby indicating the value of this agent in augmenting the excretion of ingested sodium.
3. The resin did increase significantly the loss of potassium via the gastrointestinal tract, but effects of this on the external balances of potassium were in great measure cancelled by a simultaneous reduction in the urinary excretion of the electrolyte. Nonetheless, serial serum potassium studies indicate the resin cancelled trends to hyperkaliemia. One month earlier he had been admitted with periorbital and pretibial edema, vomiting, abdominal cramps, mild diarrhea, and enlargement of the abdomen of three days' duration. BP was 102/64. There was 3 + to 4 + albuminuria and a few white and red blood cells in the urine.
The NPN was 32 mgm. %, total protein 4.3 g. % with 0.7 g. albumin. Cholesterol was 864 mgm. %. The intravenous pyelogram was normal. A diagnosis of nephrosis was made and a low-salt high-protein diet given with improvement. He was discharged 2/24/50.
He was readmitted on 3/6/50 with edema, marked ascites, and 3 + albuminuria. Blood and serum analyses appear in Table I . Hemoglobin was 10.5, RBC 3.6, WBC 7.8 thousand. On a diet consisting exclusively of a lowsodium milk formula the edema diminished rapidly during the first 12 days. From the 12th to the 18th days the patient received hydrogen cycle cation exchange resin. During this time no change in his condition was noted.
Dialyzed milk formula was continued until the 20th hospital day when intake was changed to low-salt diet and hydrogen cycle resin was again given. This regimen was associated with rapid accumulation of edema fluid until it was interrupted on the 34th day by an acute episode of fever, vomiting and severe abdominal distention and pain suggestive of peritonitis. Recovery from this acute episode occurred after four days of antibiotic therapy. On a low-sodium milk formula, diuresis and disappearance of edema occurred rapidly. There was no change in albuminuria.
The child remained on this diet and almost completely free of edema until 6/12/50, when a general diet and 20 g. each of hydrogen and potassium cycle resins were given. Within one week edema appeared in severe degree. A lowsodium milk diet with rice, fruit, and "salt-free" bread was administered for the remainder of his hospital stay. Hydrogen form resin was resumed, and in eight days edema subsided and a weight loss of 1 Kg. occurred. Albuminuria persisted throughout the study.
KM-(CH M6990)-This two year old white girl was admitted 5/6/50 because of persistent edema despite dialyzed milk and salt-free cereal diet.
Two years before there had been swelling of the face, legs, and abdomen of two weeks' duration subsequent to an upper respiratory infection. On admission in 1948 the child was pale, poorly developed, with periorbital and peripheral edema. BP was 120/75. There was 4 + albuminuria, 6 RBC/hpf, specific gravity 1.037. A normochromic anemia and leucocytosis were present. Blood NPN was 30 mgm.%, serum cholesterol 608 mgm. %, albumin 0.4 and globulin 3.7 g. %. Diuretic therapy produced slight improvement.
On 5/6/50 there were generalized edema and hepatomegaly, blood pressure was 105/75, albumin 3 + to 4 +, and a few red cells and granular casts were present in the urine. Hemoglobin was 7.5 g. %, RBC 3.2, and WBC 9.1. Excretion of PSP was 50% in two hours.
The patient was fed only low-sodium milk supplemented with vitamins and iron. After one week a slight reduction in facial edema was noted, with weight decrease of 0.8 Kg. Hydrogen cycle resin w-s then given for a period of 15 days. This was poorly accepted by the patient, only small amounts being taken. During administration of resin there was no change in blood or urine findings.
Serum values appear in Table I. 
